The purpose of this study was to check the chemical stability of an injectable bone substitute (IBS) composed of a 50/50 w/w mixture of a 2.92% hydroxypropyl methylcellulose (HPMC) solution in deionised water containing biphasic calcium phosphate (BCP) granules (60% hydroxyapatite/40% β-tricalcium phosphate w/w). After separation of the organic and mineral phases, capillary gas chromatography (GC) was used to study the possible modification of HPMC due to the contact with BCP granules following steam sterilisation and 32 days of storage at room temperature. HPMC was extracted from IBS in aqueous medium, and a dialytic method was then use to extract calcium phosphate salts from HPMC. The percentage of HPMC extracted from BCP was 98.5%±0.5% as measured by a UV method.
Introduction
A new injectable bone substitute (IBS) composed of calcium phosphate ceramic granules [biphasic calcium phosphate (BCP): 60% hydroxyapatite and 40% β-tricalcium phosphate] has been developed for endoscopic techniques (1) (2) (3) and tested in rabbit bone. Good results were achieved for bone repair (4) (5) (6) in which IBS showed osteocoalescence properties (7) (8) (9) (10) . Hydroxypropyl methylcellulose (HPMC) was used in solution as the BCP granule carrier.
This cellulose ether, which is synthesised by reaction with halogen methyl and propylene oxide, is used in ophthalmic surgery for its biocompatibilty and rheological properties (11) (12) (13) .
HPMC is soluble in water and shows very high viscosity at low concentrations (4,000 mPa.s at 2% in solution and 20,000 mPa.s at 3% in solution) and good stability during steam sterilisation (14) . Preliminary studies of HPMC-BCP interactions were performed using Fourier transformed infrared spectroscopy (FTIR), X-ray diffraction and X-Ray photoelectron spectroscopy (XPS) (15) (16) (17) . After one month of storage, the FTIR spectra of the composites showed slight oxidation peaks (C=O) and carboxylic acid function peaks only with high extractable pH calcium phosphate ceramic. Accordingly, a low extractable pH calcium phosphate BCP ceramic and a recently developed HPMC product used in ophthalmic surgery were chosen for the experiments. Thus, HPMC properties were not the same as those in previous studies (11, 15) : the substitution degree in methoxyl groups was greater and the molecular weight lower (M w =290,000g/mol). The purpose of this study was to use capillary gas chromatography (GC) to check the stability of HPMC after mixture with BCP and steam sterilisation. HPMC required several treatments before analysis. Methanolysis, first described by Clamp and Chambers (20) , allowed monosaccharides to be obtained from polysaccharides.
Hydroxyl groups were then derived from monosaccharides and phosphates by trimethylsilylation, which separates similar molecules and transforms mineral phosphate into organic phosphate detectable by flame ionisation. It was essential to eliminate salts from the BCP dissolution As phosphate reacts with cellulose in an alcoholic acid medium (21) , it was necessary to use a dialytic technique to separate HPMC from phosphate salts. Samples (7 g each) of IBS were then sealed in vials (10 ml) with butyl rubber stoppers and sterilised in an autoclave at 121°C for 21 min. As HPMC has a gel point (22) and needs to recover its structure, studies were begun 4 days after steam sterilisation.
Materials and methods

HPMC purchased from
Two extractions of HPMC from IBS were performed. For the first, 6 g of IBS were
introduced in 27 g of deionised water. The suspension was then stirred for 3 h and centrifuged Dialysis in aqueous medium, a less complicated method than precipitation, was used to extract phosphate salts from HPMC previously extracted from IBS. Thirty milligrams of dry HPMC from IBS were placed in a dialysis bag (24) with 4 ml of deionized water. The bag was then immersed in 500 ml of deionised water under stirring. The water was changed after 3 h, and stirring was stopped after 14 h. HPMC solutions were then dried at 50°C for 24 h.
For GC sample preparation, 20 mg of dry HPMC were added to 1.7 mg of trisodium citrate (20) used as internal standard (Acros-Belgium). The samples were taken up in 0.7 ml of of poly (Simplicity-5, 5% phenyl-95% methylsiloxane, Supelco-France). The carrier gas was nitrogen at a flow rate of 1.2 ml/min. The injector and the flame ionisation detector were set to 220°C and 300°C respectively. Injection was performed with a splitting ratio of 50:1, and oven temperature was raised from 150°C to 240°C at 3°C/min and 240°C for 5 min.
Results
1-Extraction
Samples of 100 mg of dry IBS was theoretically made up of 2.818 mg of dry HPMC and 97.182 mg of BCP. The standards were passed through a UV spectrophotometer, and sample concentration was determined by linear regression. The extraction percentage was 98.5%±0.5% (n=5). Four days after sterilisation, the extraction percentage did not differ between sterilised and non-sterilised IBS.
2-Gas chromatography
Peak retention times are shown in table 1. A peak at 5.6 min corresponded to trimethylsilylphosphate (TMSP). Treatment allowed mineral phosphate to be transformed into organic phosphate, which was detected by flame ionisation. With glucose, two peaks appeared, corresponding to α and β glucopyranose.
Methanolysis causes the racemisation of this monosaccharide (25, 26) . As the other monosaccharides were considered to have the same racemisation, the separation of the units substituted in the methyl and hydroxypropyl groups or the hydroxypropyl groups alone was not very efficient, but allowed the different peaks to be defined.
With Four days after sterilisation, no differences were observed between the product with or without sterilisation. After one month, no chemical modifications were observed in the cellulose derivative. Cellulose showed oxidation only in a highly oxidising solution. In our conditions, BCP was very stable (pH nearly neutral), but slight dissolution was observed in gas chromatography. GC analysis of the different sugars and polysaccharides was necessary to identify HPMC distribution. Highly substituted sugars were difficult to separate, but formed only a minority and were less susceptible to chemical modification. Thus, cellulose derivatives are difficult to oxidise in solution at near-neutral pH. Cellulose oxidation often occurs in oxidising media such as H 3 PO 4 85% (21) , which gives uronic acids on C-6. Our results indicated that all modifications disappeared after phosphate extraction.
Conclusion
Chemical degradation of cellulose ether is not likely to occur in IBS conditions. Thus, GC could be an ideal method for checking the industrial batch purity of HPMC and confirming the stability and chemical integrity of the macromolecule after mixture with BCP and steam sterilisation and before implantation into the human body. (TMSP) trimethylsilylphosphate, (IS) internal standard.
